In human disease, channelopathies involving functional reduction of the delayed rectifier potassium channel α-subunit K v 1.1 -either by mutation or autoimmune inhibition -result in temporal lobe epilepsy. K v 1.1 is prominently expressed in the axons of the hippocampal tri-synaptic pathway, suggesting its absence will result in widespread effects on normal network oscillatory activity. Here, we performed in vitro extracellular recordings using a multielectrode array to determine the effects of loss of K v 1.1 on spontaneous sharp waves (SPWs) and high frequency oscillations (HFOs). We found that Kcna1-null hippocampi generate SPWs and ripples (80-200 Hz bandwidth) with a 50% increased rate of incidence and 50% longer duration, and that epilepsy-associated pathologic HFOs in the fast ripple bandwidth (200-600 Hz) are also present. Furthermore, Kcna1-null CA3 has enhanced coupling of excitatory inputs and population spike generation and CA3 principal cells have reduced spike timing reliability. Removing the influence of mossy fiber and perforant path inputs by micro-dissecting the Kcna1-null CA3 region mostly rescued the oscillatory behavior and improved spike timing. We found that Kcna1-null mossy fibers and medial perforant path axons are hyperexcitable and produce greater pre-and post-synaptic responses with reduced paired-pulse ratios suggesting increased neurotransmitter release at these terminals. These findings were recapitulated in wild-type slices exposed to the K v 1.1 inhibitor dendrotoxin-κ. Collectively, these data indicate that loss of K v 1.1 enhances synaptic release in the CA3 region, which reduces spike timing precision of individual neurons leading to disorganization of network oscillatory activity and promotes the emergence of fast ripples.
Introduction
The hippocampus generates a wide array of oscillations such as theta waves (4-10 Hz), gamma waves (30-80 Hz) and ripples which are associated with cognitive processes in vivo. These oscillations are emergent properties of large populations of neurons acting in synchrony (Faingold, 2004) . During periods of rest and slow-wave sleep, the CA3 region generates sharp waves (SPWs) and high frequency oscillations (HFOs) in the ripple band that propagate to intra-and extra-hippocampal regions (Buzsáki, 1986) . SPW-ripples are hypothesized to participate in memory consolidation via functional alteration of synaptic connectivity and strength (Chrobak et al., 2000; Diba and Buzsáki, 2007; Nakashiba et al., 2009) . The cellular and network mechanisms generating SPW-ripples are also related to epileptiform activity as human and rodent epileptic tissues exhibit HFOs in the pathologic fast ripple band (200-600 Hz) (Bragin et al., 1999; Engel et al., 2009; Jacobs et al., 2008; Staba et al., 2004; Urrestarazu et al., 2007) . The emergence of pathologic fast ripples in the CA3 region has been associated with several mechanisms, including increased synaptic activity, increased electrical coupling, increased or decreased synchronization and decreased inhibition (Jefferys et al., 2012) . Thus, channelopathies that could affect any one of these mechanisms have the potential of converting network-generated oscillations into pathologic activity. Of particular interest are the K v 1.1 delayed rectifier voltage-gated potassium channels because of their involvement in many of the above mechanisms and their association with multiple epilepsies.
The K v 1.1 α subunit is localized to axons and axon terminals of the hippocampal trisynaptic circuit and regulates action potential propagation and shape, membrane repolarization, neuronal repetitive firing properties and neurotransmitter release (Brew et al., 2003; Geiger and Jonas, 2000; Hsiao et al., 2009; Shu et al., 2007; Wenzel et al., 2007) . Dysfunction or absence of K v 1.1 is associated with
